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EVALUATION

The s o f t w a r e  improvements descr ibed in this report

wi l l enable the Defense Mapping Agency (DMA ) to more

efficient ly produce various cartographic products.

The automated generation of these cartographic products

is in direct support of RADC technical program objectives
( ,

~

described In TPO R20. As a resu lt of this effort, DMA

will be able to supply required cartographic products

to the Air Force.

~~~~~~~ ~,
—r i~’~FRANCIS 1. KULON

Pro ject Engineer/ IRRP
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SECTION 1

OVERV I EW

1.0 General Software Overview

The Raster  P l o t t e r  Linear /Raster pre—processing s o f t war e  is c jnposed of

three phases:

( 1) Input - interpolation of lineal data center points

( 2 )  Sort - by Y , X and line weigh t

(3)  Output Phase - construction of octagonal patterns of 25

micron spots on each center-point to produce desired

weight lines

These phases accomplish the rasterization of lineal feature data submitted as

input and the generation of output rasterized plotter driver tapes.

1.1 Input Phase

Phase I exists in two versions, each of which accomplishes a search for
and extraction of center point X/Y lineal feature points for one of two pos-

sible input formats:

(1) DMAAC Input Format - RADC Cartographic Test Standard (MMS)

(2) DMATC Input Format - Concord Plotter GIST File (SHEREZ)

Code 51410

Both Phase I versions allow windowing , rotation of +90 degrees , transla tion

to new origin , reflection across either axis and any combination of those

options. Either version can handle multiple input files , DMATC version can

be directed to ignore entire files from a series of files or specific blocks

within a set of files or both. Output is divided into fifteen “equal Y range”

files in order to minimize sort time . The V range domain is dependent upon

the specified minimum and maximum Y values . Each center X/Y point is output

in a seven byte per point packed format.

1—1
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The Input Phase may be executed at any of three “resolutions ’ to trade-off

accuracy for processing speed .

1. 2 Sor t Phase

A Univac supplied Cobol Sort is utilized to sort the fifteen data files

generated by the Input Processor Phase . The data files are sorted on V and

increasing X and lineweight within V . The sorted X V  points and their corres-

ponding lineweights are placed back into their original files in the seven

byte per point packed format again,

1.3 Output Phase

The sorted X/Y points are unpacked dependent upon their scan line V address .

Then octagonal patterns are generated around all centerline point .~ residing

on the same I scan line. Once a scan line is out of range of an incoming X’Y

center point, (i.e. sixteen , eight or four scan lines away for 25, 50 and 100

microns output resolution respectively) , the scan line is output to tape in

one of two output formats , Run-length code or Binary . Run-length code format

is n~ re efficient in terms of tape usage and processing time up to spatial

densities of 125 transitions/inch (5 transitions/mm ) average , and binary form

• n~ re efficient above that level. Phase III may be run at three resolutions to

trade-off accuracy for processing speed if desired . For example , the CTS test

data was processed in the following SIJPs times at their respective resolutions .

RES 1 4 hours 13 mins

RES 2 1 hour 15 mins

R E S = 4  l6 mins

1—3



SECTION 2

UNIVAC 1108 PRE-PROCESSING MODULE

2.1 Functional Design

In the fol low ing discussion , an attempt will be made to surface the gen-

• eral design methods and logic imp lemented in all three phase versions. The

purpos e being to explain to the user the reason s why certain methods were used .
Concepts that are not readily obvious will be discussed in greater detail so

that the user may obtain a feel and understanding of processes going on.

2.1 .1 Input Processor

The purpose of the Input Processor Phase is to extract lineal feature X/Y

points and their associated lineweights from some input format. These points,

along with their lineweights, are then output at specified resolutions of 0.025mm,

• 0.O5nun and 0.1mm to f i f t e e n  (15) sort files after the desired options have been

• performed on these points . To more precisely explain the functions performed
by the Inpu t Processor , an explanation of the purpose of each routine within
both versions ( DMATC & DMAAC Input Processors) will follow. The DMAAC Phase I

version consists of subroutines:

(1) MAIN

(2) POINTS

(3 )  ADDPTX

• (4) ADDPTY

(5)  REFLEX

(6) I~DTATE

(7) LIMITS

(8) WINDOW

(9) INSERT

(10) PUTENT

(11) N’rRANs

(12) MBYTE S

2—1
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All are Fortran routines except the last two , which are Assembler routines

supplied by Univac . Because of slight differences in the NTRAN processor at

DMATC , DMAAC , and SUNY/Albany (where most of the initial software development

was done) and the need to be able to access more than the usual “10 file limit”

of NTRAN, a “private” frozen version which allows up to 20 files is kept in

the program file and used by Phases I and III. MBYTES is a short utility 6-

bit-byte pack/unpack routine , which is considerably more efficient than an

equivalent Fortran method of pack ing/unpacking buffer  areas. Details of the
functions of the other subroutines follow this subsection .

The DMATC version of Phase I requires five additional subroutines, namely
ASCBCD

NEWFIL

NWFEAT

EOF

BUILD

2.1.1.1 DMP~TC Input Processor

2.1.1.1.1 Mainline Program - Main

The mainline program wi l l  obtain a BCD (Binary Coded Decimal) input phy-

• sical record , consisting of 1020 words with each BCD character occupying one

word and r ight- just i f ied within the word , and interpret the keyword commands

embeded wi thin the record .

The main purpose of this program is to ‘recognize’ and extract valid lin-

eal feature X/Y points and their associated lineweights . These valid X/Y points

occur immediately a f te r  each ON keyword command and are terminated by the next
p

immediate OF keyword command. Also valid is the X/Y point immediately oreceed-

ing the ON keyword command , which designates starting point of lineal feature

string. Each X/Y point is defined by ten BCD characters , the f irst f ive of

which represent the X coordinate value and the next five the V coordinate value .

Both X and Y coordinate values are absolute positive integer values represent-

ing thousandths of an inch increments. Any keyword commands embedded wi th in

these X/Y points is ignored (namely S the steering command designator) .

2—3
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English Uni ts Metri c (Actual) Metric (Used)

0.004 inches 0.1016mm 4*0.025 = 0 . 1mm

0.005 inches 0.127mm 5*0.025 = 0.125mm

0.032 inches 0.8128mm 32*0.025 = 0.8mm

0.033 inches 0.8382mm 33*0.025 = 0.825mm

Hence as in above example, the closest match for 0.004 inches would be four

elemental spots. The whole integer representation may be obtained by dividing
the actual metric value by the elemental spot size. Positive integer values

outside the range 4—32 should not be specified within the Aperture Code/Line-

weight Conversion Table (see Figure No. 2-2). The present default Aperture

~ode/Lineweight Conversion Table is as portrayed in Figure No. 2-3.

The only other keyword command which is not ignored and which influences

processing flow is the block iden ti f i cation code denoted by ‘BK ’. The three

• BCD digit characters immediately tollow ing this code designates the present

logical block that is presently being analyzed . In addition , if the three BCD

digi t characters following this code is ‘999’ , then an end—of-file is indicated .

• Two successive BK999 ’s denote end-of-job . In l’~ght of this , each time the key-

word command code ‘BK ’ is encountered , the block identification number must

• be generated to determine the necessary action . If end-of- f i le  (BK9 99) , then

the fi le count must be updated and variables initialized in preparation for

processing of new file. Otherwise, the Files/Block Skip table must be searched

to determine if this block within present file is to be processed or bypassed.

Likewise, each time a new f i le  is obtained , as denoted by first logical block
• after a BK999, the file is also checked against the Files/Block Skip Table to

determine if to be processed or ignored. Again , it must be emphasized that

two successive BK999 ’s denote end-of-job and will result in Input Phase proc-

essing termination . Upon each encounter of a block identification code , the

current fi le number , logical block n umber and physical record within this block

will be output to the lineprinter.

2-5
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(19) 0 .4 7 5  nun -‘ 19

(2 0 ) 0.500 nun 20

( 2 1 )  0 . 525 mm + 21

( 2 2 )  0.550 mm -‘ 22

( 2 3 )  0 .575 nun ~ 23

(24) 0.bOO nun + 24

( 2 5)  0 . t,,25 nun “ 25

(2& ) 0.&50 nh 26

(2’) ) 0 . ~75 nun ~‘

(28) 0.700 111111 -~ 28

(29) 0.725 nun 29

(3 0 )  0.750 nun ~ 30

(31) 0.775 nun ~ 31

(32) 0.800 nun 32

LINEW F I GIIT INTE GER REP RESENTATION

F i g u r e  No. 2-2
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• t ’, i I i I ’ : ~ L I  NEWEI(; IIT CONNOTATION

01 4
4 02 27

03 3

04  • 16

05

6

07 8

08 9

09 10

10 10

11 7

12 12

13 32

14 14

15 16

1’ 22

17 27

18 32

19 8

20 12

21 24

22 6

23 7

24 9

*Ap èrtUre code denotes index to b u f f e r

APE RA (Aperture Code/Lineweight Convers ion Table

APERTURE CODEJLINEWEIGIIT CONVERSION TABLE

(Present Defau l t )

Figure No. 2-3
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At ~oL ’ t ; ‘ t l T l i l l . ht  o t t , 5 i ceoun t i i iq  of , m1l  points w i t h i n  t l i t ’ I i  tteeii sort

dat ~ t ; tea t s ~i t V , ’fl i l e i t s i  w i t h  a ‘ NORMAL’ or ‘ ABNORMAL’ t e r m i n a t i o n  message .

‘r~ 5~ .o ia n a  I t ‘u f l at  i s  ‘a w i l l  l’s’ P t o s ’es ’ds ’d by error  or diagnost i c statements

2, a i j ’ i a l  inq t i e  .O’it, ’rni,i 1 .‘@t ;dt to t ’s  ct ’scs’unter ed ,

.‘ . l .  1.1 .2 S i t h i o t i t  i i i ~ NW FEA T

Tb I ‘ i i  0 i i i , ’ i 11 a ‘ i t ’  a now l i nea l  N V ‘0 j u t  • ‘0 t i lt , ’ at i’i nq whet ;  t he

au.’~’,’as i V. ’ i I IV . )  lid N V paIn t s k i  p coun t has been exhausted . Tb i a search w i l l

i’ ‘ u i;  i i ;  a .  ‘‘a t ,, F;’ . ‘ot ’d , i i i s l  , ‘ , ‘ii t i n u e  i a t e  successive records but  w i l l  not c t o ss

block l’otat.I ,ir i , ’ t ;  . ‘P lait  t o , the ta ’arc t i  w i l l  t e rmina te  if BK block is located .

I n  , i , Hi  t ion , • h s s t i l , I  at; .ip., ’t l a r t ’  cod.,’ be ou t  of range (greater  than 2~l )  t h i s

t ou t  j i l t ’ w i  1 1 , ‘,i  I 1 t o t  i tiew ~ipe l ’t nrc code to the end of current  f i l e .

I . I . 1 . 1 Suhi’oul,  ~~~~ NEW” I

Tb i t ;  r out  m e ’ is ut i i i ~a’.i t o pos 1 t ion the  input  tape t a the next f i  1.’ or

i s l o ok  . Thin s Fs’S U i t  i n s t  i t’, t he  c a pab i l i t y  to ak i p  over unwanted f i  lea or blocks.

• A l a s ’ , t ,ipp l i~ ’ab ls ’ • any e r r o l  condi t ion  foun d before ,,‘sears ’h f o r  a i’scw f i l e  or

• b l o c k  i t ;  i t t i  I i a t , ’d i t ;  o u t p u t  to  the l in e  p r i n t e r .

2 . 1 .1 . 1 .4  ~~t 1bIOUti l l . ,� P U h l , D

This sub rout  i nc  q, ’ i ’ s , ’ t ’, i t , ’s the X and V component X/Y poin t integer’ values

at ,i p o i n t t’rom t ire i i lpu t  ~ BCD s-haras ’t ers ( for  each component) . The qenerated

• ‘
~ diq it ,ih~ o1 i t t ; ’ pos it  iv ”  integer values at-c placed in X and V respectively.

I t  is imp ort . rn t  to remember that these componen t values are in thousandths of

an inch; units . u pon exit t ram t h i s  r o u t i ne , the  va lues are converted to Metric

mu 1 ime t o t  Ufll  I a .  The M~~t V i ; ’ colnpon c’i’st va lues  are then converted to the whole

nutthor a t ’ t’lemon t a 1 ‘at a (0 .02 5mm ) di ~t~~
t I , l s ’eflk’ n t• s required to represent the

p o i n t , by the’ d i v i  a ion of M e t r i c v a lu e  by 0.025mm. For example , if X component

w at t  5000 ( ‘~‘ i t ’ s . ’t ’ s , ’a ’l t han the tel lowing would transpire :

‘~00;) M l t , t ~*0 . 02S4mm * 1
- - —---— = 5080 spotsI in t l  0. 02 5mm

~t t ’I  t jo Spot
Co n v e rsi o n  Convers ion

Eac h a lemeit t .t 1 01 ‘at i t ;  i . ’pt  , ‘ t ; , ’ t l  t e d  by one b i t  w i t h i n  the Output Phase . I f  a

char .:mct s ’?  . ‘ t h l , ’l t h an  a d i s t i l  i a  foun d in X or V positions an error f la g  i t t  set.

.‘mnd Is ,,i as.’~! l.~i~’k I a ‘ I  I I i  i i ’ ,  l ’s t t m t  l i l t ’.

-- - • i’ ,,, ____ 

‘ 
-_
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2.1.1.1.5 Subroutine EOF

This subroutine tests for an end-of-file (BK999) whenever a block iden-

tification keyword command code is encountered. If an end—of—file is located

the flag IEOF is set to speci fy as such.

2.1.1.1.6 Subroutine POINTS

This subroutine is the focal point of the entire Input Processor since
it performs all of the necessary functions on the input lineal feature X/Y
data. The routine is entered each time a new lineal feature is encountered

(ON) and exits whenever the next encountered valid keyword command is ‘recognized’ .

Each lineal feature ’s X/Y points are ‘generated’ here by a call to the subroutine

BUILD. The routine always processes lineal feature successive X/? points in

pairs such that determination of whether or not interpolation is necessary is

made poss ible . Prior to in terpolation, the user specified options of Rotation ,

Mirror Image, Origin Shift and Windowing are performed on the pairs of X/Y

points.

If the window limits are other than the default maximum size of 50800 spots,

71200 spots in the V and X coordinate respectively, the WINDOW subroutine is

called to determine if interpolation is necessary . For this case interpolation

between lineal feature ’s X/Y point pairs will occur only if the line defined

by the point pairs crosses the defined window boundary and either delta dis-

tance is greater than resolution . Otherwise, interpolation will always occur

if either of the delta distances between the X/Y point pairs exceeds the speci-

• fied point resolution (RES) .

A data reduction method was developed for interpolation to reduce or

maintain at a minimum the number of interpolated center X/Y points. The

method accomplishes this poin t reduction without a sacrifice in line integrity

or quality . This reduction process is dependent on the X/Y point pairs ’ slope

and their associated lineweight (lineweight will always be identical for all

points entering POINTS Subroutine). Briefly , a method was deve loped using

table look-ups to determine the maximum long-axis center-to-center spacings

of the octagonal array pa tterns permissable at any angle , for the lineweight

desired , to insure no more than a one element (.025mm) change on the shorter

2— 9

~~~~~~~~~~~~~~~~~~ ~~~uIu~L~~~~ T T T .~~ . - 
~~~~~~ . ~~~~~~~~~~ ~~• • • . •



• • •—, •. ,~~~—:- • ‘ ‘_~~~~~~~~ ~~~~~~~ -“w.—— ”• -
~~”—’.’-’ —-‘--‘- • • .~~. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

r

i x  i ’ ; , , i ’, ; i t  t h e  1’~~ t I ‘ i  no ~ , ,d b i t  
~
‘ 1a5 ’t’d . i t  ~ . ‘o i i s t a ii t  one ’ element spacing .

Tb i a i , ’ ’ ;  i t  i t  a i i ;  a i V 1 1 1 . 0 .1 d~t to v o l u m~’ to  be handled by the Phase I I  (Sor t )

, t t t . 1  Phase I I I  ~~;l t pu t  Pt  o c t ’t ; 0 )  op. ’i . i t i o r ; a  of at  l ea nt  50% i n  all ;‘aa.,’t; and

it - ; ‘ t o , i . ’b t  111. 1 ‘ ‘3% on ~ , ‘ mi 1 i i  t ies  ,i t  0 t a 00 degrees. Figure No. 2—4 approx—

i m a t 5 ’l v  m i l u a t x , i t , ’o a ’  vo lume  ;av ln s ) s  g a i n e d  fo r  a few l in e w e igh t s  as a fun i,’—

t io t i  a t  s i t  i o . ’t ion  t a q i a .  N o t e  t h a t  the m i n i m u m  (50% ) leve l always occurs fax

4—int l 1 uie r ’c q i t ~~ ; i e s t;  of , i t i si l , ’ , 5mnd t o t  a l l  lin t ’weiqhts  at 2t~. Smt ° (Arc Tan 0 .5 ) .

I t  is  s ’xpt ’. ’( ‘ ‘.1 th,m t , t  “ t y p i c a l ”  ; ‘ } i . l r  t product w i t h  most f e a t u r e  l i t i s ’s f a l l i n g

L I I  t he  0 t so 15 ml I t , t i ; s i . ’ ‘i t  . i i i  e’v s ’t t  d is t t ibut  j ot ’s at ’ angles of 1 inc segments

wou l d  a i’, r , i q .  appr’ox r mat  a I y . ‘ ~‘% v ol  ume s a v i t i t t a  over the former method .

An .i result at  t h e  p o i n t  re’d u 5 ’t j am; method , a reduction of the n uiT~~er of

. ‘ ol i t  c t  X ‘i’ } ‘O l T i t S b~ l i s t j i l t  01 }‘ ; ‘ h a t  ~‘d r t ’su l  ted  and in add i t ion  a reduct ion  in

CPU pi ’ sn ’s’ t s i n q  t m e  t s t t  Inpu t  , O ar t  ,n t d  O u t p u t  Phases .

WI; i ch of two at th i aut  t net ;  is ~‘ ,i 1 led to p e i t  a t m  the m t  t ’rpo l at ion (ADDPTX

01 ADDI’T\’) w i l l  si , ‘ 1, ’ , id  t i ~~’oti tl ’s ’ line segment ‘a (defined by N/V po in t  pa i r s )

ii lop.’. I f  t h ’st’ siap .~’

ADDPTX 
/SI.OPE = 1 .0

SLOPE

PmPI ) l” I’\’ 
/ ADDP TY

0 “ SLOPE \
\

\ ,,
,
,,
j
/ 0 SLOPE 1 . 0

= 
~ 0

value i i  a t ;  w i  tb  i n  a i ‘ , i l t i Cu 1 at ’ i , t t l s t , ’ sin t h t ’ above sI iaqr ’am , that  subraut m t ;e

w i l l  p e r fo rm  a l l  i t i t . ’rh’ ol  it  i . ’ti  f at ’  the  N ‘V pair.
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.1. 1. ’; ~~~~ t i nt  i i i . , ’ A~ !’l’’I’.’~ ,t i i s l  A P b ) } ’ ’ I ’V

I o Ut  l i t , ’ ; ’  1 5 1  1 ‘i itt t h e  neceasa t  y i n t e r p o l a t i o n  b . ’twe , ’tr t he  lilput

t i n . , ; . , ’ ~fl,., ’ i t t N ‘ l ’ a k t i t  ç’a i r . o n h l o i i i t t ; . The ’ input N or V s t a r t i n g  po in t  (x l  s’r

V I 1 a 11 ii.,’ ii .  ‘ i . ’ ’; .,  i i ; ,  .1 iv i i  a 1en~’iit in  the Step Tab le , generated in Poim’s ts

5’; ‘a t  i t , ’ , , : ,  v i a  ~ ‘ , t t  t ’a i s i h ’ st  Litre ~s ’t’mula will compute the r e su l t a n t V or

N v ,t I a . ,’ . ‘b ’ ’ N or  V t~’j  I I  t ) t . , ’j ;  1’.’ incremented by the  next s t ep  in  St .,‘
~~
‘ Tab l~’

.1 t ‘ t i  • I a .  N a Y  ‘ I t t  a t i r e d .  ‘Iii is  w i l l  l’t ’ rs ’~’s ’ated for  as many pa •r i t t

i t ’ S ’ ’ t o  I;.’ it  •~ ‘ i  , , ,i 5 , 1 , H~ ‘t i n  i t s ’aUtl t , ‘1’ s i t  a iie~ t a  t j Vc si • ‘pt ’ , th is ’  two N , V

t i l t , ‘ 1  a ;  , ‘~~t’;1 . ’n ’ ’ i t  t i m . , ’ ; u t e t  , ‘b ; , t n s l , ’s l .

N
1 ; N ,

I ‘

a ‘Ii b i t t  .‘
~ 

‘ Tab 1.. t i  • a ‘met; i t t  01’.’ .1 iwava added (neve r  subtracted) from

e n ;  ‘ ‘:a N a; \‘ t h U ;  r ’ ’n t il t b ig  i i i  a b i l i t y  to u t i l i z e  same proqram code and in

i ’ b . h  I l am; , “ t i  t a t  i i i ;  ; t ; • ;  ,i ;;, ‘m, ’\s’la it  ;;. .t ’ t t ’d  ;i ’st erpolated point order. Once i n t e r—

l i t  t a ti  l i t  . . ‘ tfl’~’ b t , t i e  i’ .’ m t  5 0 ! .’ swap1’t ’d back . It is importan t to mention

it  I 0 s i t ’ , ‘ 1  at  t ori ‘ I’ . ’ t n t  a w i i  I n ot  .10 beyai id t he l i n e ’  soqtnent endpo int s

‘i t s ’S’ ci  ‘atsI ; n i m i t  i n  ; t ’ ,;~’ h t . ’~1 • interpo l at ion wi  1 1 st op and control passed back

t o  ~‘ a l  l i i ; ’ , t , ’ i i t  i i i . ,’ . A: :  s ,t, 5 i ’ s ’ b i t t  is izmt e i ’p olat ed , i t  is placed in one of the

I t  ‘ t . ’ } ’ I  t O t , ’ :0’)  I t I

‘ . 1 . 1 .  1. 0 :; i’~’tz t in , EH,EX

Tb i t  ii 0 t i l t  to ‘t O t ; l s ~ , t .  ‘ , ‘; ‘m~’ 1 i a l i t ’s a no fleet ion or’ mirror image across  th e N

or ’ \ ‘ ~x t e  ~~~
‘ ~5, ’ p i t t  ; ‘ t t l a t  , i r , ’ ,t of i n t e r ’ ,’; t t . The taut inc is g iven an N V

‘ 1~ , ii , ,1 ‘ i n  t O’S  t ’ , i5 ’k ha ’  t o t  I cot e’d p a i n t mii i rror imaged across X or V . P.

n i t  ; s ’; image a t  ‘a ;  t hi .,’ N ax is is ,ic. ’amp Ii shed by comp lement t a g  the input

‘s ’i  ; i I  ‘~~ ; V • ‘i;t ; ’ ’n , n t t  w i  I i i  rt ’a}’’’s ’t t o  the’ maximum \‘ ax i s  p l o t t er  l i m i t . N amely ,

V ~‘

X~~~~N

I . 1 1  l v  t o t ’  • i  mi t t o t  i m i . i . ’ I s ’! O t i S  t Ire V ix i t ;  , the N s ’Oiflpofl s ’Il  t i s  camp lemcntt’d .

N “l.’OO-X

‘I’

~
“i i ;  1I ; i t i ’ j o  ~‘t t a b  h a t  m e ; ;  ‘ t ot s  b a t h  ,;x i a i s  q ;v en  in 1”iqure No. 2— 5

, t i ; . I  .‘ ‘‘1’

‘5 ‘ —  ‘•
A’~~~~~~~~, ~~~~ ~:‘ ‘ ,‘. ~~~~~~~~~~ ~~~ —..• .~ • —
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2 .1 .1 .1.9  Subroutine I~~TATE

This subroutine accomplishes a +90° rotation about the origin of a par-

ticular plot or image. Rotation is accomplished by first performing a trans-

lation on the X or V component of the input point and then swapping the X and

Y coordinate values. For a 90° counter-clockwise rotation the V component of

the input X/Y point is translated or complemented with respect to the plotter ’s

maximum Y’-axis limit (along plotter carriage 50800) and then X and V compon-

ents are interchanged. Likewise , for a 90° clockwise rotation the X compon-

ent of input point is translated with respect to the plotter X-axis limit

(plotter circumference of 71200) before components are interchanged. Rotation

like reflection , can only be performed relative to the entire plotter chart

size (178cm X 127cm) of 71200 elemental spots (0.025mm ) on the N-axis which is

circumference of plotter drum and 50800 elemental spots on V-axis or along

carriage of drum . Charts smaller than the maximum size will be oriented as

required on the maximum plotting surface in case of rotation and/or reflection

(see Figure No. 2—9). Otherwise , the plotter origin will coincide with the

specified plot’s origin. It is important to note that upon +90° rotation ,

that any X/Y lineal data beyond X-axis limit of 50800 (approximately 50 inches)

will be lost (see shaded areas in following figures). Upon -90° (clockwise)

rotation , all data in approximately first 20 inches of chart is lost.

2.1.1.1.10 Subroutine LIMITS

This routine will adjust the specified or default window limits XMIN ,

XMAX , YMIN and YMAX if a rotation and/or reflection is specif ied by the user .

Window limi ts specified , if other than defaul t, must not take in to consideration

any rotation and/or reflection the user will request of the software. This

a4justment will automatically be made by the software. The adjustment is nec-

essary since windowing is performed after the lineal feature points have been

rotated and/or reflected. The order of lineal feature X/Y point processing

requ ires that rotation and/or reflection and interpola ion be performed before

windowing of data .

2—15
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2 . 1 . 1 . 1 . 11 ~
‘ t1k ; Ut j : . ’ ’ ~‘, t : t ’ i ; , w

This subro u t i n e  i : ;  u t i l  i~~ed t o  de te rmine  whether  or not in te rpo la t ion

be tween i n i ut  l i n e  s, :.lnt~’ ; ; t  ~‘i~~l; . , i ; i ~ a is required .  A f lag  (INTFLG ) is set to

one ( 1)  i f  i t t t ~’ rt t I a t t . n is It ’ee’ssary , otherwise  f l ag  set to zero (0) . The

• routine is t ’i t t ’ r t ” I  s l y i t  window l i m i t s  o ther  than the default values are

spec i f i ed  by t l ; , ’ ’i ’o ’  t .  ‘I’;’ 5 k t .’rmine whether  or not interpolation is required

the r o u t in e  an a t” ,;”a i i i , ’  l in e  de f i n ed  by the input endpoints for in tersect ion

wi th  the :; 1., ’ ’i f ’,5 ’ ;l  window boundar ies . If l ine intersects window boundaries ,

then i n t e r p ola t i o n  f l a g  is set ( = 1 )  otherwise cleared (0)

• I n add i t ion , i f  the sub rou t ine  is called with the dispatch f l ag  cleared

(IPATU r O)  thai ’ rou t ine  w i l l  tes t  f i r s t  endpoint con formity to window l i m i t s .

Follow in g are F i g u r e s  i l l u s t r a t i n g  the windowing option .

2 .1 .1 .1 .12  Subrout ine INSERT

This rou t ine  splits the run ’ s V coordinate range into f i f t e en  ( 15)

separate bands of equa l width . The purpose of this  split is to create

f i f t e e n  separate and independent sort data f i l es  which may be sorted fas ter

than one very large sort f i l e . Once these data f i les  are sorted they may be

implemented in the O u t p u t  Phase in the order 1—15 sort f i l e  (see Univac 1108

Sort/Merge) .

When the X/Y poin t  is passed to t h i s  routine , it determines which V

range or band i t  belongs in .  By a call to the subroutine PUTENT , the poi n t

and i ts  l ineweigh t  is stored in the appropriate section for that f i l e  in a

temporary b u f f e r . This f i l e ’ s point coun t is also incremented by one . When

the point  count for  any of the f i f t e e n  f i l e s  reaches 192 , meaning one whole

mass storage sector can be f i l l e d  ( 2 2 4  words = 192 X/Y point and l ineweight)

the appropr ia te  section of the Temporary b u f f e r  (LARGE ) is wr i t ten  to its

associate sort f i l e  (one of f i f t e e n ) .  The 224 words l imit  is used since t h i s ’

system idea l ly  b u f f e r s  mass storaqe I/O at 224 words , which equates to e igh t

sectors (28 words per sector)

2-16

_ _  _ _  

_ _- 
‘•— —. 

,, 5” -‘ .“‘. ,-. -“ .5 ‘- --- •. -, ‘- ———

~~~~~~~~~~~ ‘—~~~~~~~~
‘
~~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~~~

‘ 
~~~~~~~~~~~ 

• --



‘—,‘-~~~~~~ ‘-~~~~w — -
~~~~ ‘- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~
‘. -.

~~
-

~~
--‘

r

r 

V

I

I 

‘ ‘ - ‘ . - . . _ _

L

x I
/

O 
/

T

SO HO ()
/ 1  2 ( n I

(1R I &;i NP.I. 1’I ,O I’

— —

V I I

— — I

_J ~~
j_ _

H i t  .5)0 — —  — —

1 ‘O’U N’l’I’H— ’I,O ’KW I Si”
H (vrA r I ON

I” i ’ i t i t  i •  No. 2 — i

2— 17

_ _ _ _ _ _ _ _ _  

_____________ ____________~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



-

~~~~~

H 

r

Y

/ / /

‘~~~ 2 
_ _ _ _

‘ , t t C O i •t ~~— N

/ l  .‘ i) i~ 

, i ) i t 0 ( i

~ l o  I N A t .  I’l.s~’l’

H

, 

I)

‘ 1 ,‘ t l t i — X

11 ‘00 
5 (iH~~~

,1 
~~~~~~~~~

‘ i i ; ” t ’I,t~t ’KW I SI ’  I~t )’t A’l’ I ON

1” t o u t a No.  2 — t i

I t i

_______  — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ‘~~— ~~~~~~~~~~~~~~~~~~~~~~~~~~ —



“~~~‘ W “~~~‘ “~~~ ‘ ‘ ,. .., ,, ,, , ,,• • ,,,, •

• • • -~~~~~~ -

r

V

-
) ‘ 

,. -
, - / ‘ ‘ ‘T ’’

~~~~~~~
”’7

I” “ 

/ 
~~~~ 

7 /
BLANK

/ , ‘
. /

— 
/ / /‘ / 

• 

/

50800 • ,/
/ 

/

3200 ,.4 
x

71200

JOi~ PLOT (NO OPTIONS) ON ENTIRE
• PLOTTER P LOTTIN ( SURFACE

• 
V \

\ \
\~~~~~~

71200

JO(, PLOT ( ~0 (,OUNTL’,R-i, Lc’X KWIS E RO’IATION)
ON ENTIRE PLOTTER PLOTTIN ( SURFACE

• 1” i ga te  No. 2 — 0

2 — 1 0

L’ “- ‘ ‘
~~~~~~ ~~~~

‘ ‘ , •
.

.~— — — — — _ _ _ _ _ _



- • • •

r

y

51)000

~~~~7/ 1/ ,’ / , / ~

~~ :~ . ~/ / / / / ~~~~~~~~~~ =:
I t  

/ /  (// / YMIN = 5 , 000, 00() 
‘,,/

“//l YMAX = 40 , 000

5000;;

—~ 

, 000 

~~
11 ; ,ooo ~0 , 000

— -- — —  7 12 0 ; ;

I’ I , t V I ’  W ITI I  W I  NDOW OPT ! ON (ONLY)

r”~~~~’ ~~11,05’1’ I

/ / “ ABOVE WINDOW LIMITS
~~ ,
/
, _ / , ADJUSTED FOR 90 °

j

~~ . ; ; t ; ; r  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
YMA X

1 0 , 0; l ; t  4 t , 000

71 .‘t ) i )  — 1IIIII”~

P LOT W I ‘I ’l l W I  N I t 1 ‘ic T~ND ‘5°’ COUNTER
(‘ I .X’K WI  Sl’~ bit “ I ’” t h ’  I s

* = Li~ii’ t ’  t’ :x ’f- ~i~r 1I’1; ‘o t R O O  SO O P t ’  I i )  5;)5(5)

i” i ou t  ‘ ‘  No . 2—1 (1

2 — 2 0

______ — -‘ ~~~~~~~ ~~~~~~~~~~~~~ . ~~~ ~~~~~~~~~~ i • —~~ —-_____ ~~~~~~~~~ ,,4



~~~~~~
-—

~~~ ‘~ ‘~ --- -‘- - ‘
~~~~~~~~~~~~~~~~~~~~~ _ :~~~~~~~~~~~~~~~~~~

‘-
~~~ 

._. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

‘

‘1 r

Each of the fifteen sort files is assigned a maximum of 500 tracks. As

presently assigned each track will hold a maximum of:

1792 WORDS/TRACK *192 pts*500 tracks = 768,000
224(192 pts—8 sectors) 

‘ 

poin ts/f i le

Hence , the total point and associated lineweight content of the entire fifteen
sort f i l e s  is 11.52*106 points. The Sort Phase core memory and mass storage

files space allocations have been optimumnly set up to handle a maximum of 708* 10
1

points and their lineweights . If  X/Y point V range distr ibution is such that
• the maximum track size for one or more V bands must be increased to accommodat e

addi tional points, an increase in optimum sorting time will result. The in-

crease in t i me is dependent on the total file point count.

• As an example of V range band computation assume the run V limits ~it ’ e’

YMIN=Ø , YMAX= 50800, then

ISPLI T= (YM AX-VMI N ) / 15+1

= (50800—0) /15+1

=3387 Y-UNITS/FILE

That is , the fifteen sort files will each contain a V value range of 3387

values maximum split as fol lows :

ALL V VALUES IN RANGE

FILE # 1 0 3387

FILE #2 3388 •~ 6774
FILE $3 6775 ‘

~~ 10061

FILE $15 -
~ 47414 e 50800

Thus , if a point’s V component value is 6800 the point and its lineweight

will be placed in the third file (see Figure No. 2-11).

When all the points for the Inpu t Processor have been processed , a word

which designates an e n d — o f — f i l e  (a l l  bits on) is  writ t en  to each el the

f i f t een  sort f i l e s .
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YMAX=50800 
—

SORT FILE # 15

o 0

o 0

o 0
o o
o 0

o 0
50800 0 0

o 0

o 0

o 0

o 0

SORT FILE * 3

SORT FILE * 2

SORT FILE # 1- —  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

YMIN 0 I
71200

RUN V—RANGE SORT FILE SPLIT

Figure No. 2—11
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- ‘ 2.1.1.1.13 Subroutine PUTENT

The routine packs the X/V point and l in ew ei gh t  in to  t he  t e xt  i V , i i  l ab le ’

seven bytes (6 bits/byte) , three bytes for X and V ~nd one tar l i n e w ’ i ~ii i t , at

the appropriate 224 word portion of the t empora ry  b u f f e r , w i t h  x e a l ’ I ’ s ’t t o

poin t ’s sort file number association (po in t  V coordinate va l ue ’ a , i s i i s t c i , It  ion

with sort file number) . This is accompl i shed  vi a a Un i vac 1,100 Lilit ~irv sup—

• plied function cal led MBYTES . Each point is packed in the  o i d ~’i’ at ’ \‘—~‘a~ ‘i d  i n at e

X-coordinate and then l ineweight  (nee  F’isjure No. 2-12.)

Once all 224 words of a portion of temporary buffer (LARSE ) . i a a o s j , i t  ad

with a particular sort. t’i le has been f i l  led ( 10 2  V N ‘LW) , t h i s  ls lock is  w r i t  t en

to the appropriate mass s t o r ’ ,iq e ’ sort  f i l e .  S in ce  NTRA N is  used f a t ’ I , 0 , no

green ’ words ,ira supI)1 i5’d by sys tem. Each sect  or ~ t ’ 20 words w i l l  f i t ! I y co l t —

tam 24 N ‘V points ana t l ie i r a~~saciatod  1 ineweight . N at e ’  t hat  t h r e e  by t s ’s

(6 b i t/b y t e)  for  N and V va lues  is more t i t a n  sat t icien t to represent  m a x i m u m

values of 712 00 and 50800 i s’s) ’ s ’ct i v ely  . In f ,t c t  , 17 and lo b i t s  ft ’; N and

V would have s u f f i ce d  however cumbersome to work with .

2 .1 .1 .1 .14  Subrou t ine  ASCBCP

The main purpose of t h i s  subrout ine  is  t o read i u t  o cote a ~‘ltys i cal BCO

tape record of variable length (maximum 170 words) , s ix  IkTh c h a rac ter s  per

word , and unpack t’,u’h record into a buffer area of 1020 words such t h a t  each

BCD character occupies the lower byte ( i ,~ b i t s )  . This t h en  s imp l i  I i c e  m a i n !  i t a ’

processing by not having to extract the appropr ia te  RCF) ch~~ractet’ b e f o re  t e ’~~t -

ing for it.

2 . 1 . 1. 2  DMAAC Input Processor

The ma in d if f e r e n ces between the two Inpu t  Processor vat’s ions at h er  than

the format

( 1)  Mainline program conversion of u l l  N / V  point s from SE t ’ l o a t i i t q

point forma t to Univac 1108 p a t t i  t ’i ve  integer component a. (MMS

X/V points are in 0.000 1 (n i l  utui ~ t hence must  be d i v i d e d  by t a t i

(10) before conversion to m e t r i c ) .
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WO R D # 1  WORD 4$ 2

I~ I Y l YIX l~< I~1 ~W I Y I V I Y 1 X 1 i]

WORD # 3  W O R D * 4

Ix l~W I Y JV N [~1 l x I x ~ w I Y I v I ~~I

WORD # S W O R D # 6

[x ~x~x l’~fr l~ I L~ f x i x I x ~wN1

W O R D # 7  W O R D # 8

[xJ~ 1 x i x Ix 1LW J EI~ I~~1’~’ ! x i x l x 1

NOTE: THE PACKED SEVEN BYTE FORMA T IS CYCLIC EVERY
SEVEN ( 7 )  WORD S

SORT FILE PACKED SEVEN BYTE FORMAT

Figure No. 2-12
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(2) X/Y point component values don’t need to be generated from

characters.

( 3 )  The Points subroutine receives a maximu m of f if teen data

points at any one time , which were extracted from a data
logical record. The Points subroutine is entered each

time a data record is located .

Following is a more detailed explanation of the DMAAC Input Processor main-

line program (MAIN). The other subroutines are not mentioned since identical

to DMATC Input Processor routines.

The DMAAC input format will be discussed f irst, to provide clearer insiqht

into the description of the mainline program .

The DMAAC tape format consists of physical records of 295  words each. The

file begins with a header label record of 14 words followed by an end-at-file

(hardware) . Following this header label record are N physical records of 200

words. These records are themselves followed by an end-of-fi le (h ardware)  and

a trailing label record . A more detailed description follows :

The overall MMS32 magnetic tape format is shown in Figure No. 2-13 . Each

word is 36 bits in length . The breakdown of the figure is as follows :

o The first fourteen words consist of a GE Header label.  The

Header Label is fixed—content , except for the Tape Number f ie l d

which is set to the Job No. assigned.

o The Header Label is followed by an End of File.

o The EOF is followed by “ ii ” Physical Records. Each record i s

298
~~ 

words in length (except the last , which may or may not

be full.

o The last phys ical record is fo l lowed by an End of File.

o The EOF is followed by fourteen words consisting of a SE Tt ,iile r

Label. (Same as Header Label in content).

o The GE Trai ler Label is followed by an End of F i l e .

2 — 2 5
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The Phys i ca l Record f ormat is  shown in Figure No. 2-14. The breakdown

of the figure is as follows:

o The first word of each record:

BITS 0-17: record ser ial number

18—35: number of words in the record excluding it sel f max.)

o The remaining part of the record Consists of nine l~’~n~ ’a1 ( m a x . )

blocks or records each 32 words in l ength .

• o Each block is preceded by one word containing the f ol lo wi u q :

BITS 0- 17: number of words in the bloc k (4O~~) excluding itself

18-35: specific report n umber (1O2 1~~)

Each t.ogical Block may be either a Header Block or a Data Block . The

format for the two types of blocks are shown in Figure No. 2-1 3. The breakdown

of each block is as follows:

Feature Header Block

Word Bits Content

0—3 0-34 Zero

4 30—35 Record C o n ten t  (R diqits )

5 2 4 — 3 5  Feature Type (F diqit s)

6 24—35 Feature Sub—Type (S diqits )

7 24—35 Feature Control (C d i q i t s)

Feature Header Block

Word Bits Content

8—23 0—35 Text Fields (first &‘ characters are elevat ion

value if it is a relief feature)

24—27 0—35 Feature Bounding Rectangle (X ,Y pairs in GE float-

ing point)

28—31 0—35 Start and End of Feature (N .Y pa i r s  in SE t la•it m o

point)

0 0— 14 Number of O~, Y ) coordinate p a ir s  i n  t h e  t ’l~’’k

(15 1,Q max .)

2 — 2 7
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Word Bits Content

• 1 0 15-35 Zero

1 0-35 Zero

2— 31 0— 35 Alternating X and V coordinate data (GE floating

point)

The sequence of logical blocks deserves some special attention . The first

logical block of the first physical record must be a JCRS Header Block and the

last logical block of the last physical record must be a JCRE Header Block .

Both these header blacks contain a l l  ZE ROS except for Word 4 which contain

118 and 13
8 respectively for the JCRS and JCRE .

Each feature heade r block precedes one or more data blocks. The data

blocks may contnn up to 15 X ,Y coordinates at 0.1 mil resolution or a si ngle

discrete X ,Y point. In the latter case , each data block is preceded by its

header block . Note that each X ,Y coordinate consists of two GE floating point

numbers (words) .

The DMAAC Input forma t is described as follows. The user first chooses

number of fi les to be processed , window limits (optional) , any orioin s h i f t

rotation , mirror image and the run resolution . This information is specified

in the Namelist data cards wl~ich are input at execution time.

Once these options are specified the records are read into a processing

buf fe r  the size of one physical record (298 words) . The word preced ing each

logical record is used to extract the number of words contained in the following

logical record. Once this information is obtained , a test of the first word is

made to determine whether the logical record is a header or data record . Should

• this word be non—zero then processing of a data record is initialized , other-

wise a header record is assumed.

For the Header record case, the only processing that occurs is a test of

the fifth word of record for the JCRS or JCRE records. Should an Octal 13 be

encountered within lower six bits of the word , processing termination will re-

sult; a JCRE record being the case. Since an octal 11 indicates a new file , jf

encountered the number of f i i  as specifie~t to he processed is decremented by one,

When the file count is zero processing terminates. The only other data obtained

2—2>)
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from this header record is the line-weight for the following X/Y points feature

string. This occurs in the lower six bits of the seventh word of the record .

It is important to note that one or more header records may proceed a data

record(s), however data records may not preceed a header record(s)

In processing data records , the first word of the logical data records

contains the number of X/Y points pairs to be found in the record . Th is value

is used as a loop argument to process the designated X/Y points. Each X/Y

coordinate is extracted in its binary form , which is in GE floating point format ,

and converted to integer X or Y coordinates . This value is then loaded into

the appropriate X or V buffer area . Once all of the feature data ’s X/Y points

are converted , the subroutine POINTS is called to process these points . Any

rotation , mirror imaging , etc., is accomplished in this subroutine. The feature

• data processing is now complete, and a new logical record is processed. Once

the whole block (9 logical records) has been processed a new block (298 words)

is read into processing buffer and processing continues .

2 .1. 1. 3 Sor t i ng  Procedure

Once the input processing is complete, the data is sorted using a UNIVAC

Utility ANSI Cobol Soi t . Each point’s 7—byte packed X/Y coordinate and line-

weight are used as a single soit key . The Y-value occurs in bytes 1-3 , X—value

in bytes 4-e , and the line weigh t located in the byte 7 (see Output Phase for

description of format). The sort thus operates on a seven character field ,

where each character represents a 6 bit byte. Fifteen data files may be

sorted either sequentially, in ascending order from file 1 to file 15 , or

randomly, if more than one file at a time is to be sorted. The particular

sorting method is optional, depending on the program data cards runstream.

Each data file is made small enough to speed up the sort, but at the

same time , capable to hold a sufficient number of points. The f i les as

presently designed will hold a maximum of 768 K points . The reason for such

large data f i les  is due to the non-uniformity of the data points , since t he

probability that dense areas exist on the source is very large , ruling out any

general X!Y point distribution .

2-30
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2.1.1.4 Output Processor Functional Considerations

The Output Phase exists in the following eight versions

(1) P3 - output resolution 25 mi cron s

(2) P3/R2 — output resolution 50 microns

(3) P3/R4 - output r esolut ~ on 100 microns

(4) P3/HW — output resolut i on 25 microns

(5) FP3 — output r e so lu t ion  25 microns

(6) FP3/R2 - output resolution 50 microns

(7) FP3/R4 — ou tpu t  resolut ion 100 microns

(8) FP3/HW - output resolution 25 microns

each of which is comprised of the routines M A N , RLCBIN, MBYTES, NTRANS where

the latter two are the same Assembly language subroutines in Phase I. The first

four versions have one section of code (about 135 Fortran Statements) replaced

by a call to an Assembly language subroutine , CBR , to produce Run-Length-Code

form of output at about eight time s faster than the Fortran code utilized in

the last four versions (FP3, FP3/R2 , FP3/R4 , FP3/HW) . Thus , the first four

listed Output Phase versions (P3, P3/R2 , P3/R4, P3/11W) are extremely more time

efficient , due to use of Assembler CBR routine , then their counter—parts FP3 ,

FP3/R2 , FP3/R4 and FP3/HW . As a result , it is recommended that only the ver-

sions P3, P3/R2 , P3/R4 and P3/11W be considered for execution .

Half-width versions (valid for all X coordinate values less than 35.04

inches) , denoted by 11W, run much more quickly than full width versions (all

X values < 70.08 inches) because scan line images can be processed completely

in core buffers  instead of requiring two disc files to handle line weights

greater than 16 mils. Best run times (at output resolution of 25 microns) can

be obtained using either 11W versions or by using only lineweights less or

equa l 16 mil s in input collection wi th fu l l  width versions P 3 and FP3. The

50 and 100 micron output resolution versions will process the full chart size

(50 X 70.08 inches) for maximum lineweight of 32 mils (input collection) totally

• within core due to reduction of lineweights by Output Phase to one-half and

one-fourth their original values. Thus , only the versions P3 and FP3 will

require mass storage scan line files when input collection lineweights are

greater than 16 mils. “F” prefix versions are all Fortran which run S to 8

times slower than the corresponding versions using an Assemb ly lan guage sub-

routine to pack up the RLC output.
2—3 1
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Reso lut ion in Phase I I I is not >iu i t o the same as i i i  Phase I i n  that  in

Phas e I the l o s e  1 ut ion is e ft ect i ye ly t he “m iii i mum cen t  e r— ta—cent er Jacj r ig

of p ou lt s  det i r i i u q  a t t ’a t u r o ” wh i ch r e su l t > ;  in a slight loss at slo tai l a t  ‘ 0

and 100 micron resolut  ion spec i t  i s i t . Out put r e so l u t i o n s  of 50 and 100 microns

are e t t oct  i ye ly eve i — a l l  “ compressions ” or sca lo rt ’duct i os> ;  i i i  bo th axes which

can he compensated or c or r e c t e d  h ick to  t r u e  sea lo by t h e  p lot t or hardware in

a c r t r > l i ’r r e~~’r e ~~~ ’r i t . i t  tori .

Sect tori of t 3— MI I L i n e  Hardware  Exp>ui sian
At r rut ’ 2 > ’ Micron Rose 1 ut on a t  Sect ion

0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0 0 0  0 0

0 0 0 0 0 0 00  0 0 0 0

0 0 0 0 0 0 00  0 0 0 0

0 0 0 0 0 0 0 0 0 0

0 0 O 0 0 ~~~)

0 0 0 0

Same Li no S s’c t ion
at >>0 Micron Reso lut  ion

The 50 and 100 micron Output Phase rose lut• i ens at low for a “ rough” quick plot

of input  dat a c o l l e c t  ion ( se e  C l’S Phase I I I  t i me comp i i i  saris) for data v i i i  da—

• tton/correct i on bo f>~i i ’ I in a l  i zod p l ot .  C~~inq to processing time r equ i r e men t s

at output r-esol Ut ion of 2 ’  mi  ci ar t s , t lii s becomes a very useful capability. In

add it ion , c ap ab i l i t y  cau Id also he treed , i f  d es ir e d , to obtain “magri r fiod

views” o t any tia t a t itt i rig w i t h i n  p h y s i c a l  p 1 o t t  or limit> ; at two I aiqe i s  cal  es

• Spec i t  i ca t  t o r t  of resi ” I ut ion in !‘liieo I Is compit’ t ely i ndeperident of Phase I I I

i e n > ’ 1 U t  ion . Al e>’, i rice Phases 1 arid II (Sort ) are fairly r ap id  p recesses , i t

5 10, ~‘mmended t hat  t he Input Ph ase (Phase I) hi’ processed at 25 mi crori i t ’—

s i ’lu t  io n (RES 1)  t o t  r iorn~~ I j ’r  oceseing at norma l er ~~t ’ da t  a se ts  t o t  i l l e it  el

i i  lie tn t 0>11 i t y

_ _ _ _ _ _ _ _ _ _ _ _  
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Phase III has a restart capability such that a maximum of four minutes

of CPU time would have to be repeated in the event of a system crash or an

intentional operator—abort of a run. A typical reprocessing time would be

about 30 seconds of CPU time , and a minimum would be on the order of 10 seconds.

Under normal use of the software it is assumed that a Phase III pass will not

be in tent ionally interrupted to process a different data set in whole or in

part. This could be done by dumping disc files to tape and restoring them

before the initial job is restarted. Phase I and II do not have a restart

capability as such , because of the relatively short run times ordinarily re-

quired. However, Phase II can be re-run independent of Phase I provided that

the Phase I output files are intact on the disc. Any system crash requiring

a full or partial re—boot will often destroy some or all of the disc data files

and a complete re-run of all three phases may be required jf the restart file

or any of the f i f teen sort f iles have to be destroy ed . If a par ticu larly large
volume job is bei ng processed , it may be practica l to dump disc files to a

temporary tape between phases, which would permit avoidance of some re—process-

ing even in the event of a destruction of Sort files . If the restart file

is destroyed none of the data processing done by Phase III can be recovered.

2.1.1.4.1 Output Processor Functional Design

The input data to the Output Processor phase are fifteen sorted data mass

storage f i les  in a seven byte (6 bit byte) per point packed format; the first

six of which contains the X and Y center point values respectively , with the

seventh byte containing the lineweight value . The files are read in ascend-

ing order (f ile #1 to f i le  #15) or ascending Y address value, in record sizes

of 224 words . Due to the packed format implemented , each record when unpack-

ed yields 192 X/Y points and corresponding lineweight values. The mass stor-

age f iles data format is as follows wi th only eight words (36 bits) being shown ,

since the format is cyclic every seven words.

WO RD #1 WORD #2 WORD #3
869427654321 986498654321 765486549876

Y X LW V X LW V

2— 34



WORD *4 WORD *5 WORD #6
12345665432]. 109876543210 123456789101

X LW Y X LW Y X LW

WORD #7 WORD #8 WORD #9
• 519194871218 905192151750 621195610461

• Y X LW V X LW

That is , every seven words the Y-values , X-values and lineweights of the cen-

ter points may be located ~in high order 18 bits of word W , lower order 18 bits

of word W and higher order 6 bits of word W+l respectively.

As each point and its corresponding lineweight is unpacked , a check is

made to determine if the point lies on the present scan line being processed.

If so , its word ( NWORD) and bit position (BITPOS ) within the scan line and

similarly within a temporary lineweight storage buffer whose lineweight loca-

tion is dependent on X coordinate value in the scan line , is calculated. The

lineweights are stored within this temporary buffer, NXCNT , in the following

manner in consecutive six bi t byte (maximum linewe ight 0 .8  millimeters ) six

• lineweights per word fonnat .

X=0 X=l X=2 X=3 X=4 X=5 X’=6 X=7 X~8 X=9 X=lO X=ll
Y
~N ILW l LW2 LW3 LW4 ( LW5 LW6 LW7 1 WL8 LW9 LW1O LWll 

~ 
LW121 

WORD #1 WORD #2

X=7 1200 __ J I I I j].2096J

WORD #2016

where N is present scan line being processed

This buffer is generated and cleared for each scan line that is processed

whenever a point is encountered which does not lie on present scan line.

Each point lying within the same scan line is processed as it is encount-

ered and bits within the appropriate word affected by this X/Y point are set.

This is accomplished by a calculation of the maximum and minimum bits affected ,

2—35
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for each X/Y point on scan line , and using the difference of these va lues as

pointers to appropriate word value table ( IThB) to turn-on the correct bits .

If the lineweigh t is even the center mate scan line bits are also set at the

same time (see Figure No. 2—1 6 and 2—17) .

Once all points lying within the present scan line being processed have

been processed , (i.e. upon encounter of X/Y poin t not on present, scan line)

scan lines affected by this scan line ’s center points must have their appro-

priate bits set to generate the correct octagonal spot due to center points ’

line weights. This octagonal spot generation is accomplished by first calcu—

• lating the number of scan lines required to exist in core and the number of

scan lines required in each of the two mass storage files. No user inter-

vention is required in this step, since automatically the maximum run line-

weight, wh ich was determined in the inpu t processing phase , is passed to the
output phase for determination of the above mentioned quantities.

EXAMPLE: Suppose the maximum line weight for the run determined by the

• input phase is 32 (0.8mm) and INCORE=16 which is maximum allowable

due to available core storage . Then 16 scan lines in core would

• be utilized (at 2016 words per scan line) and 8 scan lines on each

of the mass storage files. The processing scan lines set up would

be as per Figure No. 2-18, wi th 32 scan lines maximum at any one

time being affected by previous or later scan lines.

The desired octagonal pattern is obtained by use of a repea ter value (see

Figure Nos. 2-16 and 2-17) which is dependent ~~ an X/Y centerpoints ’ line-

weight. This repeater value for each line-weight is stored in a table (NNDUP )

and is accessible by use of line-weigh t value as table pointer. Use of this

repeater variable method results in an octagonal pattern with 450 sloped edges .

This repeater variable is used to terminate an X/Y center point spot pattern

and to generate the octagon pattern for each X/Y center point. Now once all

affected scan lines due to presen t scan line have been processed , a scan line

is wri tten to magnetic tape in the chosen Binary or Run-Length-code format

(TTYPE Parameter variable) and a new scan line is processed , once all appro-

priate buffers have been cleared .
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MATES ~~~~ PATT E RN

N f 1’ ‘N -i

N 1 2’ ‘N—2

N-F 3’ ‘t’i- 3

N +4’- — ‘N—4

W +5’- ‘N-5

N+6~- -‘N-6

0000000~—~
Y~~N=6 OOOOOOOOO~~ N

00000000000~~\\
~000000000000
~oooooooooooo
~00000OOO0QOO0~ \\\0000000000000) 1) 1
~0000000000000’
~ooooooocoooo
~O0 0000000000 ~ /

O00COOOOOOO~T27cOOoO0ooo~-2’• 0000coo,—~~
NOTE : The above octagonal pattern illustr ates the scan line

mates for an odd line-we ight along with the repeater
scan lines. arrows designate the mates

OCTAGONAL SPOT PATTER N (ODD)
Figure No . 2-16
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LW-’.12 Y=2000 x~ I 5 l5

SCAN LINE IS 2000 NWORL~~i5l5/36+l~ 43

2*REPEA T

O0000O~~~00000000~-~~000000000C~~~\
00000000C000~ \\

~~P~~T {ooooooooo ooo~\\\
H 000000000 ooo~\\ \ \\

r000000000000’))/ ./J
PZPEAT t000000000000’11/

0000000000C~///0000000000 /7
00000000~~~/000000~~~~

NOTE S If this X/Y center point were the f~.rat to appear in word 43 of scan
tin. 2000, the repeat value would be table NNDUP whose location would
be determined by the Line Weight (i.e. NNDLJP (12))

OCTAGONAL SPOT PATTERN (EVEN)
Figure No. 2—17
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Tht? above di  scun ion  w~u; jfl ‘ye ’ a 1 1 V i  ow o~ t he pi  oce ’ t nq p t ocedut . ’~

ut iii z~ed in the out put pi oct ’~o; t nq ph~~;t ’ t 0 t an t  I a 1 .~e t (i t ’  I eadt ’ r ~ fl’~ I

t c  1 1 1  ta t e ’ t in~ie ’t ~;t  .uiIl :nq ol t ho mor~’ ~1et . i t  It ’~l ~l~~ ct i t ’ t  t o n  which t~’11uws.

On ct ’ t he pt) i uts have ht’t’n uiip.-tcketi and the ttqui red p o i nt  e I ar t ’ c~ t I cu—

lated and s t~~t~~d in  t lie ap~’ropr iat e but t o  , b i t s due t o  proces ~;od X \ con t or

points must be’ Set . TIt j .’; sot t in i  ot  h i t  is accomp l i~ l ’’~ vi a a look up t a h i t ’

whose pot utor is the di! ft~ t e n c e  o I t he’ t’a I cu La t od mi nt mum ~and max imuin b i t s

at f eet od values. The’ ahovt t ah i  , ii con 1 ~~~ t t O f l  W i t  Ii the lot t t a n  OR fu i i ct  ion ,

wi 11 “ turn on ” the appropi i a t e  h i t s V t  .1 a t ~d’ o n u m e rI c  value • i F t o t  p resen t ly

on. At this point , i t  shou ld  ho n ot  .‘d t hat  t h roe poss ~bl e iseo may occur fo r

each X V center  point  with I t ’Spt ’ct to influenced b i t s

(1 ) t.ENERA L — center X V point aft~~ct s o n l y  b i t s  w i t h i n  its word

location iii ~;caii l i n t ’ .

( 2 )  OVE RFLOW — center X V  point at tect s b i t s  in i t s  word l o cat i o n

N in scan line and .ilso b i t s  in  word N fl of scan

1 tnt’ (mini mum value ’ 1 ens than ~oro* ) . Spec ial  cast ’
4 1 f •~j~j fl~ in last word of scan Ii no (set ’ Fi qure  No.

~
‘— H b r  examp l t’~

( 3 )  UNDE RFLOW — cen ter  X V  p o i n t  aftec t s hits in its word location

N in scan I i iii ’ ..mnd a 1 so bits in word N—i ot  scan

1 tne . Spec ia l  cast ’ if occur ing in f i r s t  word of

scan l i ne  tsee Figure No. 2— l~
) for examp l e) .

The cases of over t  low and under! low w i l l  not occur concur r en t ly  for i i  neweiqhts

less than or equa l to 0. 8mm . For the over flow and under flow cases , the mi n—

imum and maximum va lues art ’ a p p r o p r i a te l y  a dj u s t e d  i f  qr e at t ’r  t han  35 or less - •

than zero re spe ct iv o ly  (since ~t ’ b i ts  in a word~ . A t r an s f e r  t o  h i t  set t inq

code , via ass i ~ rt t at t’ment , now accompi I shes bit ~~~~~~ t i ug in the appropriate

w o r d ( s)  of present  scan line (YNOW ) and its mates.

It is importan t to note’ that when first sorted data record is initiall y

read , the first X V cen t e r  p o i n t  is unpacked . Then each new cen te r X V  poi n t

2 — 4 0
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is unpacked , the X—Y point is processed in  order of encoun te r.  Should  t w o

l ine—center coordinate values be i d e n t i c a l ,  the one carrying the srnallet lint ’

weight code is dropped . Processing continues until two unequal V address

(different scan lines) are encountered. This results iii bit settinq f o r  ,tll

scan lines in f i  uence’d by the center X ‘Y p o int s  and t h e i r  correspondt i i~i l i n e —

weights.

Depending on the maximum line weiqht of a particular run and the set

value of the Parameter variable INCORE , one of two possible c o n d i t ion s  will

occur.

(1) FULL WINDOW IN CORE

Maximum l ine—weigh t  for  a p a r t i c u l a r  run is less than or e~iua l to

0.40mm and the number of scan lines to be processed in core is even integer

greater than or equal to maximum line-weight.

EXAMP LE : MAXLW= 0 . l75mm

n umber scan lines in core = 0.2mm (or INCORE=8)

For th is  cast’ a l l  scan l ines  are processed totally in core.

(2) HALF WINDOW IN CORE

Maximum l ine—weight  for the run is gr e a t e r  than 0.40mm and number

of scan lines to be p roce ssed in core is even integer representing h a l f  of

the actual scan lines to be processed .

E XAMP LE : MA X LW” 0 .800mm

number of scan l ines to he processed in core = 0.4mm b r

INCORE=16)

NOTE: The maximum lineweight of job is passed to the Output Phase

thru the Sort Phase.

The maximum lineweight of the job , which is passed from the Input phase

to the Output phase , is located in the lineweight position of first point of

first sort file (X=0 , Y=0 , LW= MAXLW) . This value when obtained is used to

determine the number of mass storage scan lines needed (if any) , in titializat ion

of parameters and determination of run restart execution .

2 — 4 . ~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
, . ‘—‘—. - - — o . .



- 

~~~~~~~~ 
7- .—

~~~~~~~~~

..---- 

~~~~~~~~~~~~~~~~~

r

When ( ‘1 occs~7 1 no t he  f t  j o t  i can l i ne  o X  a ruti , i n i t i a l i z a t i o n  of window

V ,iddresse’  s st a r t  i u q  \‘ addre ss  I or run ( Y START ) and Y addr ess of present scan

I inc be i nq proct ’sse~1 ( VNOW ) is accoInI~I i shod. Hence • when a scan line is

written t o  tape , i t  V address is  the minimum ‘1’ address ci window presently

bei nq r e to renced . The ~n i & b  Foss ~‘a 1 so chosen .iqa lit depends on full windowing

01’ h a l t  w i n d o w  ~,1st ’ , t t ’s 1’t ’ , t  i~ ’~ ’1~

In t h e  half window • ‘aso , t he  n umber o~ ~~~in l i n es  t o  be pitse ssed in

co re s spec I t ed  b~’ t l ie Par.ime t c i ’ St a temt ’nt  v a r  at Ic 1 N t t ~Ri’ ( I t s ail  l ines

in core are uti I i : t s l)  . ~ nct’  t h e  f t  ret 1t~ s~~ec t a l case s can  linen are processed ,

each new scan 1 i nc  to  be pieces  sod w i l l  result in  wr  i t i no  t o  t ~~ e the  minimum

window scan I i itt ’ (V MIN ) and  then  roct’ss i no tho now sa n  1 jIlt’ w i t  Ii in i t s  buf—

to r ’ I oca t i ‘n . As each st an line is ~‘onp l e t  od , i t  is coiive i t  od t o I i to  RL’_ ’ • 
B iN

Plot ter hr  I ye Tape’ forma t , e’ i titer in t h e  norma l oi ient ation ci in the  possible

ref 1 oct  ed or rot it  ed at  r,1i1~lenle i l t  , and r emoved t i  015 the ‘;vs tern Lv ou t  ut t i no tc

t apt’. The ro t  , t t  1110 binary window , t o  i mass s I  or a q t ’ f i n d  in ~‘ci ’~’ scan l i n e s  is

then shi ftod by one line , so t h a t  t h e  b u f f e r  a r e a  l ’e p i o s ’ i l t  t he  nex t  scan l i nt ’

w i n d o w  limi t s . Scan l in e s  a r t ’  p t Ot s ; l  such that t l i t  c ost  ci ’ e t~ t he  spot pat-

tern is first qene r at e d  in sort ’ m i  upon comp let ion f t ~eso o I n  ‘ O t t ’ 5 ’~~ il lines.

the minimum scan l ine  from the tower mass sto r aq t ’ t i le is w r i t t e n  t o  maqnetic

tape in the des l i t ’ d fornu t . Then the  l ea s t  V ccci 1111,1 t 0 v alu e  scan 1 inc of

the in core l u t e s  is w r i t  ten t o  this lower fil e , wit i cli at the same time the

least V value scan l ine  in the  upper mass s to raqe file fills t he  empty scan

1 inc in core slot . The processing d e v e l o p s  the  mass si er nie can l i n e s  Ut i i i

ing a continuously sliding 1t~ scan line w i n d o w  ~it maximum (the maximum 0.8mm

line weight at the maximum 40 lines/mm i’esolut ion) , s tor e d on 15 tracks of

FH432 drum. At any point in time , the continuously si i dino or n t  .1 t 1 Ft -i

window ) may appear as in Figure No.  2 - 2 0 .

In the case of full window , all scan lines affected by t h e  curient scan

line being processed (YNOW) are processed totally in  col e Lv mmi’lementat ton

of the same continuous ly sliding window . Scan 1 t i l e ’S  .110 w r i t  t en t o tape for

the spec ial case of the ini tial  INCORE s~’an h u e s  Le~i i :intinq with the first

scan line which is IN L ’OXF 2 O u t  I in o ~. awav 1 ‘111 t 5 ‘ 1 1  S o i l t  I sm n  l i n e  i \ ’N ~~~’

For examp le, if the nun~ er of scan 111105 t o  be t i’ocessod in colt ’ is 14

L 
- -

~~~~~~~~ ----
•- -~~~~~~~~~ 
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(INCORE=l4), scan lines will commence being written to tape when present

scan lines being processed minus 7 is greater than the starting V address of

the run (YSTART) . Upon completion of the initial scan lines processing,

each new scan line will result in a scan line written to tape whose address

is YNOW-~7.

Processing for this case is identical to  the h a l f  w i n d o w  case except

that all scan lines are processed in core and no mass storage fijes are

required. The only other remaining difference is the V address utilized

upon writing a scan line to tape.

The overall general method for spo t pattern generation is identical for

either case of full or half window , in that all output line weights are

built up by arrays of a single 0.025mm spot size into a “binary image ” (one

bit per spot , zero if white , and one if black). The array shapes will be

octagonal for line weights of 150 , 200 , 250 , 300 450, 500, 650 , 750,

800 microns, ~jid will degenerate  in t o  a “ square wi thout  corners ” at 12 5 or

100 microns. Except in the case of 100 or 125 micron line weights being

plotted at output resolutions of 20 lines/mm or 10 lines/mm this approach

will eliminate all “edge ripp le” by providing at least 50% overlap of adjacent

array patterns for the full range of valid and 97% overlap for the heavier

line weights. The difficulties of variation in line density are eliminated

in this approach because there is rio overlap of the elemental 25 micron spots

regardless of the overlap of the spot pattern laid down , and each elemental

spo t is exposed only once regardless of the number of array patterns which

happen to cover the element. Figure No. 2 -2 2b  illus trates the case of gen-

erating a 175 micron line weight by overlapping of arrays. Also come array

spot patterns are illustrated in Figure No. 2-22a.

The last in core scan lines of a run are a specia l  case it-u that onc..

scan line address ‘1=50,800 has been processed , no new st’an 1 j i l t S are loaded

into the processing b u f f e r  (BITSET ) and the appropr ia te  scan 1i~tt~s at e  w r i t t e n

to tape in RLC or Binary mode .

2 — 4 4
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0000 ,~0000
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Scan line may be such that successive corresponding scan line address

difference is greater than one. This will result in an adjustment of the

windowing Y scan line addresses , line number counter (LINENO) and calculation

of the next scan line to be processed (i.e. adjustment in YNOW value). Like-

wise, an appropriate number of scan l ine w i l l  be wr i t t en  to tape in the

designated format before processing of scan line YN OW is in i t ia ted.

The above description of the Output Processor pertains to all  three

possible output resolutions of 0.02 5mm , 0.05mm and 0. 1mm . For the latter

two resolutions, the core sizes will be reduced to one half and one fourth

respectively. This is accomplished by having each bit represent a 0.05mm

or 0.1m m binary spot, resulting in 1/2 or 1/4 of the buf fer sizes needed to

process the “binary image”. In the case of the resolution of 0.05mm and

0.1mm , all scan lines can be processed totally in core , thus avoiding all

mass storage I/O and decreasing processing time. Figure No. 2-23 illustrates

how each line weight is treated at these higher resolutions. As noted in

above figure , the values in parenthesis are used to represent the respective

line—weight. Also , for 0. 1mm resolution , all scan lines may be processed in

core since the highest relative line—weight is 0.2mm ( 8) . Simi lar ily  for

0.05mm resolution , all relative line weights less than or equal to 0.400mm(16)

may be processed totally in core (i .e . all actual line weigh ts less than or

equal to 0.8mm).

In conclusion , the scan lines are output to an odd or even scan line

tapes dependent upon whether the present scan line address is odd or even .

Also, the output tapes are called for in pa irs by the program as the need

arises. Thus, a sufficient multiple sets of tapes must be assigned for pro-

gram output tapes . Upon read or wri te errors , the program will attempt a

recovery by attempting several reads/writes. If unsuccessful , processing

will be terminated and the appropriate error condi tion encountered w i ll be

output to the printer.

2.1.1.4.2 Output Proce ssor RLCBIN Subroutine

When a scan line in core is no longer a f f e c t e d  by successive scan l ines ,

its buffer record pointer (LINENO) along with the scan line is prepared by

this subroutine for output to one of two Plotter Drive tapes.
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I.LNE-WEIGI(TS LII~E-W 1~IGHTS LINE-’WEIGIITS
0. i nun RESOLUTION 0.025mm RESOLUTION 0 .05mm RE~ oLAJTI ON

(UNITS iN MIL IM I TERS ) (UNITS IN M IL. I M FTE R S )  (UNITS IN M 1L IMETER S )

~~~~~~~~~~~~~~~~~~~~~~ 

( i ) *~~~~~~~~~~~~~~~~~~~~~~~ ( 1 )

(1) 0.025 ~~ 0.050 (2)

- 0.125 (5) — 
—‘- o.om (1)

0.150 (6) —

(2) 0.0S0~~~~~~~~~~~~~~~~~~~~ O.2OO (8) ~~~~~~~~~~~“l°~~ (4)

— 0.225 ~~ ‘
~~
‘
~~~~~ 0.125 (5)

0.250 (10)

(3) 0.075 ~~~~~EEEEEE ~~~ ~~~ 
_~~~~~~~~~ 0.150 (6)

~~~~~~~~~~~~~~~~~~~
‘ ‘

~~~~ — 0.325 (13) — —
~ 0 175 (7)

0.350 (14)

(4) O.1O0~~~~~~~~~~~~~~~~~~~~ O.4OO 
~~~ ~~~ 0.200 (8)

~~~~— 0.425 (17) ~ 0.225 (9)45 1

(5) 0.125 

. 

_ 4  0. 2 50  (10)

0.525 (21) “- 
o . v i s  (11)

(6) 0.150~~~~~~~~~~~~~~~~~~~ ~~~~ 
_
~~~~0.300 (12)

0.625 (25) —~~ ~ 0.325 (13)
0.650 (26)

(7) 0.175 0:7 ___________________ 
0.350 (14)

0.725 (29) 0.375 (15)

(8) 0.200~~~~~~~~~~~~~~~~~~~ 0.775 (31) ~~~~o.4Oo (16)

‘NOTE : ( ) Value desi~ na’~ei program representation of line—weights.

LINE-WEIGHT CONVERSION
FOR 0.05MM AND 0.1MM FROM 0.025MM

Figure No. 2-23
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Should the first scan line to be output be an odd Y address , a “false ” ,

even Y addressed scan line is supplied in Binary or Run-length code . This

is done so that the Plotter Drive Tapes reading always begins with the even

scan line or same tape unit.

The scan line may now be output in RLC or BIN , depending upon user speci-
fication in the Namelist statement data cards. If neither option was chosen ,

a default to the Binary output format results. At this stage it would be per-
tinent to briefly describe each of the two possible scan line output formats.

The BLC format specifies that the data bytes (one MT frame-B bits) are in

the form

7 6  0

l B/W I I
where B/W represents Black or White bits (O White ; 1 = black) and RLC represents

a Run Length value of l_l27
l0 

(number of .025mm increments to power—on or power-
off the laser beam along the X—coordinate) .

The Bin format specifies that the data bytes (1MT frame B bits) are in

the form
7 0
I BIN~~~j

where each bit of the byte represents a .025 increment Black or White (0 =

White — 1 = Black). The laser beam will traverse 0 .LE X .LE 71199 while Y

remains constant. The mapping of the data to the X-coordinate is as follows:

BYTE BITS X

0 0-7 0-7

1. 0—7 8—15

8899 0—7 71192-71199

(Note that the mapp ing is low to high order b i t s) .

RLC MT FORMAT: Each MIT RLC record will contain a Y-address , a Mode bit , the

Word Count and the RLC data. The records are variable length. The following

is the full specification of the RLC format .
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MT FRAME S
15 8 7  0

HI ~ 
HI Y LO ‘~‘__ 1w01~~ 0

I..O ~~ [M] HI WC IA) WC IWORD 1

i HI WC 
f i~i~ci RLCO IWORD 2

RI~C 0  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

RLC 1 
RLC3 RLC2 1

RLC 2 RLC (N)  RL C (N_ l ) 1  W O R D ( N - l ) /

RLC 3
.
.
.

PLC (n-l)

RLC N

where H I Y  and LW Y (bits 15—0) represent the Y—address , M represents Mode

(Ø RLC — l=BIN) , HI WC and LO WC (Bits 14—0) represent the word coun t (ac tual

4 data words wh ich follow the word count) and PLC represents a Run Leng th Code

as specified . Note that although the records are variable in length , they are

always an even number of bytes (8 bits). Also , the last two RLCs will be

repeated along the X—coordinate from the X position that was produced by the

previous RLC to the X position 71199 (end of active area). (Usually the last

two RLC should each have a value of 127
10

; 127
10 

increments of white).

BIN MT FORMAT: Each MT BIN record will contain a Y-address, a Mode b i t ,  the

Word Count and the Bina ry data. The record are variable length. The follow-

ing is a full specification of the BIN format:

MT FRAMES WORD (PDP 11/40)

L Y Y  15
HYY HY Y  W Y  1 WORD Ø

1.0 WC 
M HI WC LO WC ] WORD 1

H i  HI WC _________________

LO BIN HI BIN L LO BIN 1 WORD 2

HI BIN HI BIN If) BIN 1 WORD 3

LO BIN 
HI BIN 1.0 BIN ] 

WORD N
HI BIN

LO BIN

HI BIN 2—5 1

h 

____ 

_________  
‘--- -‘ - - --- ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - a::
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where lil Y and L O Y  (Bits 15—0) represent the Y-address , M represents ?&~de

(0= P L c _ l = B I N ) , HI WC (Bits 14-0) represents the word coun t and H I BIN and

LO BIN (bits 15-0) represent the binary image as specified. As in the PLC

mode , the last two bytes are “repeater ” bytes (all zeros).

MT RECORD ORDERING: There will  be two magtapes being read by the plotter or

being written by the scanner. Because of the two tape specification , one tape

will contain data with even Y-addresses and one with odd Y-addresses . An even

number is defined here as:

N=K*2

where 0 .LE . K .LE . 25399.

An odd number is defined here as:

N= (K*2)+l

where 0 .LE. K .LE . 25399 .

Note that 0 .LE. N .LE . 50799 since there are 50800 Y—addressable locations

along the V-coordinate .

Both the RLC Mode and BIN Mode records wi th V-addresses of the form N=K*2

as defined above will be contained on one set of tapes and those records with

Y-addresse s of the form N = ( K * 2) + l  as defined above will be contained on another

set of tapes. Figures 2-24 and 2-25 illustrate the MT record structure .

The last data record K of each tape must be followed by either an “ end

of tape” or an “end of plot” record. The former occurs on those tapes which

are not the last tapes to be plotted and the latter occurs on two tapes which

are the last to be p lotted.

The “ end of tape ” record consists of the following short record:

Tape Frames PDP 11/40

—l — l (177777
8
)

M w c 0
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~~~~~~~~wC 
_ _ ___________ ~ RECORD g

RLC BIN

PLC 
• 

w. BIN— 2

.
~
J wC - J~~~~~~~~~~~~~~WC -

RLC 
RECORD ~ 

1 
BIN

RLC BIN

(
— K 2  — I — I ( 2  -

- j . ~J -
________________ ‘ RECORD K

PLC I — 

BIN

I ~ :
PLC _ _ _  _ _ _

PLC RE CORDS BIN RECOR

“ EVEPU TAPE FORMAT
Fi qure No. 2- .~4
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— 1 —  — 1 —

- -WC 
RECORD 0 l ________________

PLC

PLC BIN

— 3 _
%*~ 

I

—

- L  -

PLC RECORD 1 BIN

I PLC BIN
I 

— -I S

— (K*2)+1 — I I— (K~2)+lL 0 1 I t it
—

, 

~ RECORD K 
BIN

__________ L~ BIN

RLC RECORDS BIN RECORDS

“ODD” TAPE FORMAT
Figure No. 2-25
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The “end of plot” record consists of the f o l l o w i n g  sIio~.t record:

Tape Frames PFP 11/40

—2 —2 =

M WC= 0

In both cases , N represents whether binary  or PLC mode.

Scan line processing in this subrout ine  is descr ibed  as fo l l c~s~- :

In the Binary mode of processing , no great amount of r ocessin~ is re-

quired.  The only two processing tasks are :

( 1) Repeater Byte processing

(2) Y—address and Word Count se t t ing  in the f i r s t  word of each scan 1i:~e .

(3) Inversion of all scan line bytes

For the Binary case , repeater bytes are two ~ b it b t t ’~ of on or ot t i~~t c

ut i l ized by the PDP 11/40 software to indicate that  the  re;~ i ind t ’r ct  the sc an

line is either all  black or white . This results in ph y sical t~t ’ s ~t v i nq s~ n~-e

smaller records are output to tape. Now working backwards in scan line b u f f e r

(higher to lower words ) a search for the fi rst nonz ero word r e s u L t s . A t  t h i ~
point , depending upon wether the word is divisible by fo ur (so as not  t o  s p l i t

PD? 11/40 words) and the present bit within the word , f i l l e r  bvtc~ t~ b ite )

are generated wi th all on or all of f  b i ts .  Thus , only the word value ct  th~

on encoun tered bit, plus any f i l ler words, would be w r i t t e n  t o  tape .

Due to method in which the PD? 11/40 loads the tape f rames into core ,

frame s loaded in lower order of word and then higher crdt ’i , an interchan-ie ~~~t

bits of each byte wi th in  a scan line is necessary ( f o r  BINARY forma t on lvt .

Via a look—up table , a right to left increasing X o rder  w i t h i n  each byte ( fr a m e )

is accomplished by the subroutine for Binary format. That is , i’vt  e ~ , t

1) wi l l  contain bi ts  8—15 with right—most bit of byte 1 h e in q the t~th bit , etc .

Byte N will contain bits 8*N thru 8*N+ 7 w i t h  ri ght-mos t b e in o  t~*N (S et ’ F’i .lure

No. 2—26 )  . Once the input b u f f e r  is prope r ly  inver ted , a l l  t h a t  no’.’ iefl~u ifl e

is to p lace the scan l ine Y— address in the upper li~ b i t  ot  I i r st  wor d ot 5c1u

line and the word count in fo l lowing  16 b i t s .  The scan l int?  is no’.~- w r i t t e n  t o

the even or odd Plotter  Drive tape .
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In the case of Run length code forma t , a scan line must be p laced in t he

PLC forma t by u t i l i za t ion  of a R u n — l e n g t h  code buffer. Counter variables are

implemented in this phase of processing to count strings of on or off I~jt counts

which are broken up i f necessary, in maximum counts of 127 and then placed in

the appropriate byte of words in Run length code b u f f e r .  Th~ rep&-.itt ’r bytes

for this case are generated in a s imilar  manner to the  Binary  format , except

that in this case, the repeater bytes contain the lower 7 b i t s  on and the upper

bi t off i f the rema inder of scan line is w h i t e , or a l l  8 b i ts  (of two ci more

bytes) on if remainder of scan l ine  is black . Since the 16 b i t  words  of the

PDP 11/40 and the 36 bit words of the UN I VA C 1108 are not evenly d i v is i b l e ,

and 8 bit bytes Run length codes are utilized , every two words of tlit ’ UNIVAC

1108 word scan lines contains one-half of a byte or f rame . This byte is t rea ted

distinctly in tha t a bi t coun t cannot simply be loaded , via the Field fun ct ion ,

into an eight b i t  f i e ld .  In th is  case, the appropriate  b i t s  are set by s1’1itti n~i

the by te in to half  and p lacing these four b i t  pa i rs  in the appropriate word

locations. Word padding will result if Univac 1108 word coun t is not multi p le

- ‘ of four; so that partial PDP 11/40 words are not obtained.

The selection of which of the two alternative output tape  record f o r m a t s

is to be used for a given scan line is based solely on the spatial data d e n s i t y

present. Figure No. 2—27 illustrates the r e l a t i ve  e f f i c i ency of three types  of

data compact ion schemes: binary image , 7—bit magnitude Run—length-Coding (PLC )

and 15—bit magnitude PLC. (Note that the i l l u s t r a t e d  min imum 7 — b i t  Rl~C reco rd

size of 561 actually only holds true for a scan line which is entirely blank

except for a short run of black at a high X-coordinate v a l u e .)  On the b as i s

of a data density analysis , it was determined tha t  the 15-bit RLC would

be used relatively infrequently, since it is more efficient t han the 7-bit PLC

only for very low spatial densities , less than approximate ly  3 f e a t u r es per

inch of scan line . For this reason , i t  was not proposed for use in t h e  Raster

Finishing Plotter. The e f f ic iency  breakpoint between 7 -b i t  RLC and b i nar y

image falls at a data density of 63 .5 fea tures per inch of scan line , or a

total of 4 , 450 feature crossings per scan line . S i n c e  i t  is  ~nceiv .ible t h at

the total may , on occasion , be n~~re than double that amount (theoretically ,

almost triple is possible) , the binary image form will be used tor maximum

storage efficiency of all such very high density scan lines .
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Tak tug t he f i n a l  b in ar y  i ma g,’ , -s t ,‘.icli ns ’.t i i  liii ’ ’ ~n~fli}s 1 et t ’si , t In’ (~i i t  } ‘ t i t

t s ) (’550i w i l l  ~si’os ’t ’es I I c  deve lop t he  n I ’ l i i s ’ f ls ’t ’ ci HIc Ws ’i s in  i i , ’ t n i, ’d i s ’

sent t hat  l i n e , and pack them a p p i  opt  i . t t e  l y us a i t u l  I c r  , s i  • ‘ l  ~~i i s i i  t h at  . ~ ~utns’ —

qUent tape write would ii’~ til t in , ‘aoi i  t I — I t I  I v ’ . l  is ’ ’ I / — h i t  I~l ’ .’ p 1 i n .  ‘.me h i t  en , ’

off code) fallin g into scpat.it s’ I s  ~~~ I ‘‘ t .~~~ ‘ ‘  h t t  i t  t ’i 5 ”) ~‘it 4 ‘~~ - e l i , s r i t u ’  t .g’e

If a limi t, of ap p r o x i m at e  i y 4800 n l , s ’ , ‘ s s s I , ’’; ( 4 i i i ) i l  I i  W , s t  t eat inc ’ t i w i  n o u n

per  scan line) will hi’ accumulated 1’ i ’t  ‘ i s ’ he end s t  t h e  ;, - . % i n I i  l i i ’  l i e; l’s ’eti

r each ,’d , the e f t ’ i ci  i ’i icy lsrs ’.Ikl ‘, ‘i u i t  w 1 I t ’~ • ‘ x- - • ‘ , ‘st , ’ d , and he h i  t i e  ~ ‘I i s  m

sh o u l d  hi’ chosen. However , u n i i n - t ’  t he i , ’ s - , • i V I i i~i 1~~it  t ( ‘ 1 s fl’ .i 1 • i i i i n  ‘,i t ‘i t in ’

p lo t  t ci minicomputer control icr in  on l y .‘ ~~~~ ws ‘isin (i . h i t ;  , ‘. is ’h 1 , 1 lii ’ hi 1 1 , 4 1  y

image l i n e will hi ’ s p l i t  into two p iw si s ’ . t i  t ap” 1 t ’s ’s ’l  s i n . The ~‘ l s ’t  l e t ’  l i . s r d w , i t ’ , ’
w i l l  recoqii i~~i’ t he  bit i n  the second con t r ol  wos ~t w h i c h  i n s i j , ’ , i t  l’s .4 l ’ i t i ,ii v

image pls )t I iti e , .iis’.l after c o m p l e t i ng  t in’ i i i  et  1 • ‘s ’ol 1 ( o n e — m u I l i n t ’ ) ,  v i  I i

auton ~i t  i c a l  l y cyc 1& ~ 5 ) ! )’.’ l i i i  I I OVO I Ut 1011 bet s ’ii ’ i t s t  s i ’s ’’ Ii i iq  I s ’ p lot I he ,‘; , ‘ , ‘ ,~~i s l —

half l i ne . (i _ i l c t s l , - i t  j oliS show t hat  t h e  uu t ’co t i s i— h a l f t s ’, ’ss i s l w i  ii no t  he s ’oiii—

p le tely  i n t o  the  m i n i c om p u t er  core , i t  t li t ’ I ime wli~ t s t h e  I I i  s t  1i. i  It i’ ls ’t ~~
done. The ext r.s i eve I i i i  jel l ~ 5 i t t ’t ’ s l t ’d t o  ~i i low t o t  s ’enll’ l e t  i 011 c i  t I l t ’  1 s ’. idj  uq

of the second—half tape i’, ’cou -d . ) N o t e  t I I d t  t l i t ’  lp.lt i , il slat .4 t l e i i n i  t \ ’  .st  w i i i s ’hi

this  ‘‘double cyci . ’ ’’ i s l e t  ci a qi ve n  ncaii 1 u n ’  15 i 1 )V Ok t ’d i n . t 1 s p t s s x i f l i . i t t ’ I ~

double the lev i ’ I set iii paragraph .1 . 1 . I . I 5 ’t ’ I h i , ’ s t  i t  ernt ’i i t ot  w s s  l~

Since a given p lo t  i’ut~ w i l l  commonly es~ i l i  I s ’  1fl4 5 ? 0 1 11,411 0111’ eel ci  i ips ’

(approx imate ly  7 w i l l  1st’ iiet ’s1~ d t o i  i i i  cut  i i ’ ’ 1’lot  •it a sli ’ii ~ ; i t  ‘
~
‘ ci i n )  t eat i i i  en

~
‘I’

~~ 
in ch s s t  scan I t i n t ’  or ‘I I s ) ? ’ 1 ’ ’ 1 c i i  i i i ’ s ’~~ i i i s ’ i i t  , I hi ’ s s i i t  p i t t  ; t  ‘s ons  w i l l  n I  01’

ni’.,ment . i n i  ly when ph y s i s ’.s l  e i i s i — s s f — t a l s e  i s ’s’ i i n , ’s I  s l i i i i u i ’ n  4 t .i~~’s ’ Wi  i t s ’ . l l i t ~ t I I ’ ’

w i l l  he h.it ’ks;p.i~’s’d eves t In’ 1 es - s u s I  w i i i s ’us w e ;  i l l  j ’ 1~~’’ii t ’sn , . i tssi  t l i t ’  i • ‘s ’s ’i si w i l l

be overwr i t ten by a m i n i m u m  1 en qt  ii i t ’ , - , ’ i ‘1 , ‘s S i t  .4 t i i i  nq .4 — I In  I i i , ’ V , i s ld i  s’ ;n
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SECTION 3

CONCLUSIONS AND SUGGESTIONS

3.0 Incorporated Time Reduction Methods

Three main methods were used to speed up processing time after program

code isolation of excessive time consumption areas. These areas of program
code were located by use of DMAAC supplied time function called ZTIME. As a

result, the following steps were taken to reduce processing time .

o Replacement of approximately 135 Fortran statements by a call

to an assembly language subroutine for the conversion of internal

binary-image buffers to Run-Length-Code form output . The assembly

language subroutine, CBR , requires only 87 words of mennzry in

contrast to approximately 450 words required by the Fortran

generated machine code , and executes about 8 times faster on

“typical” data collections (the differential in operating speed

would widen as the spatial density of the imagery increases) .

o Many time—consuming FLD (field) function usages were replaced

by other methods of performing the desired operations . The

only remaining FLD uses are in sections of code which are ex-

ecuted relatively infrequently ,  such that the impact on operat-

ing speed is negligible.

o It was foun d that the remaindering MOD (M ,N) function generated

much slower executing code when N is a constant’ than the equi-

valent construction,

M_N* (M/N)

or MOD function by definition . The MOD function always uses

a 10.25 mi crosecon d integer divide regardless of the value of

N, whereas the latter construction uses a combination of multiply

and shi f t  instructions which execute about 3.5 times faster than

the integer divide . Because of this discovery , all frequently

executed MOD’ s where the second argument (N) is a constant, were

replaced by the faster form .
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A n umber of minor modifications of technique were also implemented whenever

a time savings could be proven. All of these changes were implemented in both

the full-width (178cm in X maximum) and half-width (89cm or 35.04 inches in

X maximum) Output phase versions described previously irs this text. The half-

width version (which was not a contractual obligation and was not conceived

until late in the effort) can be used with an appreciable time savings (70%)

on small- format data collections regardless of the maximum lineweight present ,

and the full-width version will run 50% faster when no lineweights exceed 0.4mm

(approximately 0.016 inches).

None of the above speed-up changes were implemented in the “all For tran ”

versions of Phase III  (FP 3, FP3/HW , FP3/R2 , FP3/R4) since the time savings

gained by the last two improvements and miscellaneous changes are minor in

comparison to the significant time improvement gained by the first change , the

substitution of an assembly language subroutine for Run-Length-Code generation .

3.1 Time Reduction Recommendations

Due to time restraint of contract deadline and the focus of reduction

of processing time for the entire Cartographic Test Standard plot as a whole ,

the following suggestions were not attempted. In addition , for some reason ,

the window utilized for Synectics final testing (window , rotation , etc. options)

did not surface a time problem as was noticed at acceptance testing on a win-

dow of cartographic data of the CTS. Thus , this problem was not analyzed in

the processing time reduction stage .

o More time tes ts by use of ZTIME routine should be done to

determine what remaining program code areas are consuming

a great deal of time. Then once these code areas have been

isolated, a determination of whether or not the program code

may be time optimized.

o Considera tion of windowing of scan line words with respect

to X-components to avoid unnecessary lineweight buffer word

checking (NXCNT) .
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o Maintain scan line buffer word pointer for last words of

scan line set to reduce DO loop range .

o Possibly try whole byte checking for all bi ts on condition

within nonzero words in Run-Length-Code generation .

o Mass storage I/O may be reduced to 1/10 the time used on

the acceptance testing if the mass storage files required

for lirieweights greater than 0.016 inches are assigned to

(or file space obtained) the FH-432 drum instead of the

8440 disc. The access and word transfer rates are consid-

erably faster for the former versus the latter .

I

t

I

3—3

- 1.

~~

; 
_ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  

_ _ _ _ _ _ _ _ _ _ _ _ _ _

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ __ _ _  
~~~~~~~~~~~ —‘5-.--- ~ —~~~—~~~~~~- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ i-— - — -~~~~~~~~~
‘
~~~~~~~~~ ~~ ~~~~~

- ‘-


